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(57) ABSTRACT

A bridgeless power factor correction circuit as disclosed can
include first and second input inductors, a series connection
of a first diode and a first controllable semiconductor switch,
and a series connection of a second diode and a second con-
trollable semiconductor switch, the series connections being
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second 1mput terminal and a potential of the output terminal
when the mput voltage connectable to the mput terminals 1s
negative.
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BRIDGELESS POWER FACTOR
CORRECTION CIRCUIT

RELATED APPLICATION

This application claims priority under 35 U.S.C. §119 to
European Patent Application No. 131958241 filed in Europe
on Dec. 5, 2013, the entire content of which 1s hereby 1ncor-
porated by reference in 1ts entirety.

FIELD

The present disclosure relates to a bridgeless power factor
correction (PFC) circuit, such as a PFC circuit for transform-
ing a single-phase alternating current (AC) voltage to a direct
current (DC) voltage.

BACKGROUND INFORMATION

A power factor corrector or a power factor correction cir-
cuit (PFC) 1s a front-end power stage of a grid-connected
power converter, such as a power supply, motor drive and
electronic ballast [1] to [3]. It 1s used to meet 1nternational
orid current standards, such as IEEE519 and IEC-61000-3-
12. These standards are also applied to a single-phase grid
network which can be used as an AC power source for low
power industrial applications and household devices. Using a
PFC 1n a system ensures a sinusoidal input current and a
stable output DC voltage. It can also be foreseen that the PFC
will be a very important device to ensure a good power quality
in a more complex grid network.

In a known PFC, a diode bridge and a boost converter are
used. The diode bridge rectifies the grid current and voltage.
The boost converter shapes inductor current into rectified
sinusoidal current. As a result, grid current 1s sinusoidal and
in-phase of grid voltage. This converter 1s simple and low-
cost, since only one active switch 1s 1n the circuit. Thus, it 1s
popularly adopted by lighting applications. However, the
drawback of the circuit 1s a high conduction loss for high
power applications since there are three semiconductors in
the current path, irrespective of whether the controlled switch
1s on or oil. Moreover, a large high frequency filter 1s used due
to a large peak-to-peak high frequency ripple current carrying
on the gird current.

In order to solve the conduction loss 1ssue of the known
PFC, a bridgeless PFC 1s proposed 1n [4]. The PFC integrates
a diode bridge and a boost converter into one power stage,
including two switching arms. One switching arm shapes half
line cycle grid current. Two grid inductors are always 1n
series, wrrespective of the switching state. The circuit gives a
low conductional loss, since it has only two semiconductors
in the current paths. However, 1t 1s more expensive because of
the more active device and magnetic components. In addition,
there 1s a grounding problem, or a common mode voltage or
leakage current 1ssue, when 1t 1s operating. In addition, a high
frequency filter 1s still included.

Some modifications of bridgeless PFC circuits have been
proposed to tackle the 1ssue of leakage current. A bridgeless
PFC with a series semiconductor switch 1s presented 1n [5].
The series switch 1s synchronized with a main switching for
current shaping. Thus, grid terminals are electrically 1solated
during inductor current charging states. Then, a low leakage
current can be generated. However, 1t involves one higher-
rated voltage, higher-rated current and higher switching ire-
quency semiconductor switch 1n the main current flowing
path. As aresult, the conduction loss 1s higher than the simple
bridgeless PFC during inductor current discharging states.
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The fundamental 1dea of the bridgeless PFC 1s distorted and 1t
1s expensive. In addition, a high frequency filter 1s still

included.

Another method of eliminating the common mode voltage
i1ssue 1s to use a bi-directional switch to charge up an mput
inductor current [ 6]. When the bi-directional switch 1s closed,
all diodes are oif due to a reverse bias by the output dc voltage.
This leads to electrical 1solation during that switching stage.

There are thus always two semiconductors 1n the current
paths. However, as the diode bridge 1s switching at a high
frequency, four expensive fast diodes are used. The conduc-
tion performance of a fast diode 1s often not as good as that of
line frequency diodes. A floating gate drive 1s another cost
1ssue for this topology. In addition, a high frequency filter 1s
still included.

A diode clamped bridgeless PFC 1s proposed in [7]. It
provides a simple and efficient solution for tackling the com-
mon mode voltage 1ssue. In this bridgeless PFC, two diodes
connect the circuit ground to a positive terminal and a nega-
tive terminal of the AC power source, respectively. These two
line frequency diodes guarantee that no common mode volt-
age difference occurs between the ground and the AC source.
However, grid inductors work 1n half line cycle only, which
means that two separate and 1dentical inductors are used. The
high cost and large size of the inductors are problematic. In
addition, a high frequency filter 1s still included.

To address the use of expensive magnetic devices, a single
core 1nductor 1s mtroduced 1n [8]. By this method, the size
issue can be solved due to the use of one magnetic core.
However, the design of the inductor 1s very difficult. In addi-
tion, a high frequency filter 1s still included.

Instead of diodes, capacitors can be used to maintain the
voltage difference between the ground and the AC power
sources. A capacitor clamped bridgeless PFC 1s disclosed 1n
[9]. The capacitors are coupled to the grid terminals and the
ground, whereby a low leakage current can be ensured, but a
high frequency current ripple can still be found at the gnid
current; thus, a high frequency filter 1s still included.

A built-1n common filter 1s disclosed 1 [10]. In this modi-
fication, a common mode {ilter connects serially with boost
chokes, two capacitors perform functions of voltage clamp-
ing and filtering. The topology effectively reduces leakage
current, but 1t does not help 1n filtering out the high frequency
components from the grid current.

An mmproved capacitor clamped approach 1s proposed 1n
[11]. In this design, two switches are used to connect the
voltage clamped capacitors. According to the disclosure, the
additional switches are switching at the same time and the
switches are used to improve the etficiency during light load
operation. Thus, 1t can be estimated that the performance
should be more or less the same as that of a simple capacitor
clamped bridgeless PFC.

The known solutions can effectively solve the common
mode voltage 1ssue of the bridgeless PFC, but the penalties
include a higher conduction loss and more or larger passive
devices. Moreover, not all solutions can improve the grid
current quality.

SUMMARY

A bridgeless power factor correction circuit 1s disclosed,
comprising: first and second mput inductors (L), first ends of
the inductors forming first and second 1nput terminals of the
circuit; a series connection of a first diode (D) and a first
controllable semiconductor switch (S); a series connection of
a second diode (D) and a second controllable semiconductor
switch (S), the series connections being connected 1n parallel
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between positive and negative output terminals (VDC+,
VDC-) of the power factor correction circuit; wherein: a
second end of the first inductor (L) 1s connected at a point
between the series connection of the first diode and the first
controllable semiconductor switch; and a second end of the
second inductor (L) 1s connected at a point between the series
connection of the second diode and the second controllable
semiconductor switch; wherein polarities of the first and sec-
ond diodes (D) are such that current can pass through the
diodes to the positive output terminal; and the controllable
semiconductor switches (S) are arranged to block current
from flowing through the controllable semiconductor
switches to the negative output terminal, the power factor
correction circuit comprising: a switching circuit configured
to connect a capacitor (CAB; CA, CB) between the input
terminals and the output terminals of the power factor correc-
tion circuit 1n such a manner that the capacitor 1s connected
between the first imnput terminal and a potential of the output
terminals when iput voltage connectable to the input termi-
nals 1s positive, and the capacitor 1s connected between the
second 1nput terminal and a potential of the output terminals
when the mput voltage connectable to the mput terminals 1s
negative.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, disclosed features and advantages will be
described 1n greater detail by way of exemplary preferred
embodiments, and with reference to the attached drawings, 1n
which

FIG. 1 shows an exemplary embodiment of the present
disclosure:

FI1G. 2 shows exemplary implementations of bi-directional
switches:

FIGS. 3 (a) and 3 (b) show switching states of an exem-
plary embodiment of the present disclosure during positive
input voltage;

FIGS. 4 (a) and 4 (b) show exemplary equivalent circuits of
FIGS. 3 (a) and 3 (b);

FIGS. 5 (a) and 5 (b) show switching states of an exem-
plary embodiment of the present disclosure during negative
input voltage;

FIGS. 6 (a) and 6 (b) show exemplary equivalent circuits of
FIGS. 5 (a) and 5 (b);

FIGS. 7, 8,9, and 10 show exemplary embodiments of the
disclosure:

FIG. 11 shows exemplary simulated wavetforms of the
present disclosure;

FIGS.12 (a), (b), (c), (d), (e) show simulated wavelorms of
known devices as compared to the present disclosure; and

FIGS. 13 and 14 show basic block diagrams depicting
examples mvolving exemplary embodiments of the present
disclosure.

DETAILED DESCRIPTION

The present disclosure sets forth exemplary embodiments
of circuits which can address the 1ssues already raised.

Exemplary embodiments are based on the idea ol using one
or more capacitors and low Irequency semiconductor
switches 1n a bridgeless PFC circuit to formulate two different
LCL filter structures for different conditions. For example,
the semiconductor switches connect one or more capacitors
to the circuit 1n an alternating manner, depending on the
polarity of the input AC voltage.

This can reduce a grid differential mode current ripple or
inductance. Further, the PFC common mode voltage can be
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significantly reduced, since the capacitor in the LCL filter
clamps the voltage between the grnid and the ground.

Exemplary circuits disclosed herein need not include large
inductors since a third order filter 1s formed by using a switch-
ing circuit at the input of the circuit. The ligh frequency
components are filtered out by the LCL filter and the filter
structure 1s changed, depending on the polarity of grid volt-
age. Because the LCL filter attenuates high frequency com-
ponents effectively, no separate EMI filter may be required.

Exemplary circuits disclosed therein can provide a low
leakage current since the common mode voltage 1s clamped
by the capacitors. Further, conduction losses are low because
no active or passive elements are added to the main current
path. Further, the input inductance being smaller, the number
of turns 1n the inductors 1s also smaller. The use of low
inductance inductors increases the efficiency.

FIG. 1 shows an exemplary embodiment disclosed therein.
The exemplary PFC can include a known bridgeless PFC 1
and an additional switching circuit 2. The switching circuit
can formulate two different LCL structures, depending on
orid voltage polanity.

The bridgeless PFC 1 can include first and second input
inductors L1, L2, first ends of the inductors forming first and
second mput terminals of the circuit. Further, the bridgeless
PFC 1 can include a series connection of a first diode D1 and
a first controllable semiconductor switch S1, and a series
connection of a second diode D2 and a second controllable
semiconductor switch S2. The series connections are con-
nected 1n parallel between positive and negative output ter-
minals VDC+, VDC- of the power factor correction circuit.
The output terminals form the output voltage of the circuit
and, for example, a capacitor or a series connection of capaci-
tors C1, C2 1s connected between the output terminals. As a
series connection of capacitors 1s connected between the out-
put terminals, a middle voltage potential VM 1s also available.

In the circuit of the exemplary embodiment, the second end
of a firstinductor L1 1s connected at a point between the series
connection of the first diode and the first controllable semi-
conductor switch, and similarly the second end of a second
inductor L.2 1s connected at a point between the series con-
nection of the second diode and the second controllable semi-
conductor switch.

Polarities of the first and second diode D1, D2 are such that
current can pass through the diode to the positive output
terminal. That 1s, cathodes of the diodes are connected to the
positive output terminal VDC+. The controllable semicon-
ductor switches S1, S2 are connected such that the switches
can block current from flowing through the switches to the
negative output terminal.

The bridgeless PFC circuit boosts the AC grid voltage to a
higher DC bus voltage and controls the flow of DC power onto
the DC bus. The grid current i1s controlled sinusoidally and
in-phase to the AC grid voltage.

A switching circuit 2 filters out switching frequency com-
ponents which are generated by the bridgeless PFC. The
switching circuit can be adapted (1.e., configured) to connect
a capacitor CAB; CA, CB between an mput terminal and an
output terminal of the power factor correction circuit 1n such
a manner that the capacitor 1s connected between the first
input terminal and a potential of an output terminal when an
input voltage connectable to the mnput terminals 1s positive.
The capacitor 1s connected between the second input terminal
and a potential of an output terminal when the input voltage
connectable to the mput terminals 1s negative.

Specifically, 1n the exemplary embodiment of FIG. 1, the
switching circuit can include two bi-directional switches SA,
SB. The bidirectional switches are, for example, connected 1n
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series and one end of the series connection 1s connected to the
first input terminal and the other end 1s connected to the
second mnput terminal. In FIG. 1, the bridgeless PFC 1s shown

to be connected to the input voltage VAC, whereby the first
terminal 1s connected to Line L and the second terminal 1s 5
connected to the neutral of the grid.

The switching circuit shown 1n FIG. 1 can also iclude a
capacitor CAB that 1s coupled between the junction point of
two bi-directional switches SA, SB and any potential of the
output terminals, (i.e., any point of the output DC bus). In 10
FIG. 1, one terminal of the capacitor Vx 1s shown coupled to
the negative output terminal, (1.e., the potential of a negative
DC bus. The capacitor 1s used to clamp the potential differ-
ence between the AC power source and the ground. The
connection 1s shown in dashed line to highlight that the con- 15
nection can also be to any other point of the DC bus, including
a positive DC bus) (1.e., the positive output terminal, or the
middle point of the output voltage VM. )

According to an exemplary embodiment, during a positive
half wave of the input voltage, the switch SA 1s conducting 20
and the switch SB 1s blocking. During a negative half wave
the switch SB 1s conducting and the switch SA 1s blocking.
Thus, during the positive halt wave of the mput voltage, the
capacitor 1s connected to the mput having the positive volt-
age. Similarly, during the negative half wave of the mput 25
voltage, the capacitor 1s connected to the mnput having the
negative voltage.

The bi-directional switches SA, SB can be realized by a
single-directional blocking semiconductor switch or by con-
necting two MOSFETSs back-to-back 1n series or other cir- 30
cuits and devices which can provide bidirectional blocking
and conducting characteristics. In practice, a body diode of a
MOSFET or an anti-parallel diode of an IGBT may create a
leakage path when the semiconductor switches are turned off.
FIG. 2 shows possible arrangements for the bi-directional 35

switch SA, SB. Specifically, FIG. 2 (a) shows an 1deal switch,

(b) shows a MOSFET, (c¢) shows an IGBT with an anti-
parallel diode, (d) shows a diode bridge with a controllable
switch, (e) shows a common emitter back-to-back implemen-
tation, (1) shows a common drain back-to-back implementa- 40
tion, and (g) shows a bi-directional switch formed of anti-
parallel reverse blocking IGBTs.

FIG. 3 shows exemplary switching states of the circuit of
FIG. 1 during a positive half line cycle. In this half line cycle,
the filter capacitor CAB 1s connected to Line L of the grid 45
voltage through the bi-directional switch SA. The main
switch S2 1s always conducting and the main switch S1 1s
switching at a high frequency. When the switch S1 1s con-
ducting, the inductor L1 1s charged, and when S1 1s blocking,
the inductor 1s boosting the output voltage. 50

FIGS. 3(a) and 3(b) show the circuit when the main switch
S1 1s switching on and off, respectively. F1IGS. 4(a) and 4(b)
show corresponding equivalent circuits of FIGS. 3(a) and
3(b), respectively. It can be seen that L1, CAB, and L2 form
an LCL filter between the grid and the boost converter. In such 55
a case, L2 takes the role of a grid inductor, and thereby a low
or1d deferential current ripple 1s achieved. Further, the capaci-
tor CAB 1s coupled between Line L and the negative terminal
of the DC bus, and thereby the potential difference between
them 1s clamped, and thus a low leakage current 1s achieved. 60

During the negative half line cycle of the input voltage,
again two different switching states exist. In this half line
cycle, the filter capacitor CAB 1s connected to Neutral N of
the grid voltage through the bi-directional switch SB, the
main switch S1 1s always conducting and the main switch S2 65
1s switching at a high frequency. FIGS. 5(a) and 3(&) show the
circuit when the main switch S2 1s switching on and off,
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respectively. FIGS. 6(a) and 6(d) are corresponding equiva-
lent circuits of FIGS. 5(a) and 5(b), respectively. It can be
seen that .2, CAB, and L1 form an L.CL filter between the
or1d and the boost converter. In such a case, L1 takes the role
of a grid inductor, and a low grid deferential current ripple 1s
achieved. Further, the capacitor CAB 1s coupled between
Neutral N and the negative terminal of the DC bus and the
potential difference between them 1s clamped; therefore, a
low leakage current 1s achieved.

FIG. 7 shows an exemplary embodiment. In this embodi-
ment, separate switches SA, SB connect separate capacitors
CA, CB to perform the functionality described above. Spe-
cifically, the switching circuit comprises two series connec-
tions of a switch and a capacitor. A first series connection SA,
CA 1s connected between the first input terminal and a poten-
tial of an output terminal. Similarly, a second series connec-
tion SB, CB i1s connected between the second 1nput terminal
and a potential of an output terminal. In the example of FIG.
7, the other ends of the series connections are shown to be
connected to negative output terminal. In the embodiment,
SA switches are on 1n the period of the positive half line cycle,
and SB switches are on 1n the period of the negative half line
cycle. The purpose of the switches 1s to reconfigure the LCL
filter, depending on the polarity of the mput voltage. An
advantage of the topology of FIG. 7 1s that all semiconductor
switches SA, SB, S1, and S2 are referenced to the ground,
making it an attractive choice with respect to the design of
gate drivers.

Another exemplary embodiment 1s shown in FIG. 8. The
switching circuit in FIG. 8 1s coupled in X shape between the
arms consisting of a series connection of a diode and a con-
trollable switch and the AC source. Two bi-directional
switches and two capacitors are used in the circuit. More
specifically, the first series connection of a switch SA and a
capacitor CA 1s connected 1n series between the first end of
the first inductor and the second end of the second inductor.
The second series connection of a switch SB and a capacitor
CB 1s connected between the second end of the first inductor
and the first end of the second 1nductor.

In the embodiment of FIG. 9, the additional switching
circuit 1s coupled 1n H shape between the arms and the AC
source. Only one capacitor 1s used 1n the circuit. The switch-
ing circuit of the embodiment comprises two series connec-
tions of controllable switches. The first of the series connec-
tions SA1, SB2 is connected between the first terminals of the
inductors L1, [L.2, and the second of the series connections
SB1, SA2 1s connected between the second ends of the induc-
tors. The capacitor CAB i1s connected between the middle
points of the series connections. In the embodiment of FIG. 9,
the capacitor CAB 1s connected to the circuit by using the
switches SA1 and SA2 during a positive half cycle and the
switches SB1 and SB2 during a negative half cycle.

In the embodiments of FIGS. 8 and 9, the capacitor 1s
connected between the input terminal of the circuit and the
potential of the output terminal through the main switches of
the circuit. For example, in FIG. 8 during the positive half
wave of the input voltage, the switch SA 1s conducting and the
capacitor CA 1s connected between the first input terminal
and the negative output terminal through the switch S2 which
1s conducting during the positive half wave. During the nega-
tive half wave, the capacitor CB 1s connected to the negative
output terminal through the switch S1.

FIG. 10 shows another exemplary embodiment, 1n which
the switching circuit 1s formed of four switches and one
capacitor. The switches are arranged such that two series
connections are formed and both of the series connections are
connected over the inductances L1, L2 of the input. The
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capacitor CAB 1s connected between the middle points of the
series connections of the switches. As 1n the embodiment of
FIG. 9, the switches SA1, SA2 are controlled conductive
during the positive half cycle of the mnput voltage, thereby
connecting the capacitor between the first end of the first
inductor and the second end of the second inductor. During
the positive half cycle, the second end of the second imnductor
1s connected to the potential of the negative output terminal
through the conducting switch S2. During the negative half
cycle, the switches SB1 and SB2 are controlled conductive,
thereby connecting the capacitor CAB between the first end
of the second inductor and the second end of the first inductor.

In the following, the performance of an exemplary bridge-
less PFC disclosed herein 1s demonstrated by computer simu-
lations. The simulated system corresponds to that of FIG. 1.
The 1nput source can include (e.g., consist of) a single-phase
AC voltage source, and the output 1s a resistor. The simulated
output power of the PFC 15 2.2 kW, the output DC voltage 1s
380V, the line frequency 1s 50 Hz, and the mput AC voltage
1s 230 Vrms. The switching frequency 1s 20 kHz. All semi-
conductors and inductors are ideal components.

FI1G. 11 shows exemplary key simulated waveforms. It can
be seen that the grid current (lin, second plot) 1s shaped
sinusoidal and in-phase to the grid voltage (first plot). Also,
the current ripple 1s very small. The leakage current (I{Ccm),
tourth plot) 1s small as well. The third plot shows the output
voltage.

FIG. 12 shows a comparison of exemplary current wave-
forms using different clamping techniques in a bridgeless
PFC. In the figures, the first row of waveforms 1s a gnd
current, the second row of wavetorms 1s an inductor current,
and the bottom row of waveforms 1s a leakage current. The
inductance and switching frequency are the same 1n this com-
parison.

FI1G. 12(a) shows wavetorms of a known bridgeless PFC
which 1s presented in [4]. The grid current (lin) carries a large
high frequency current ripple, and the leakage current 1s high
as well (approximately 5A).

FI1G. 12(b) shows diode clamped bridgeless PFC currents,
the corresponding topology being presented 1n [7]. The leak-
age current 1s minimized, almost to 0 A, but the grid current
ripple 1s higher than in the conventional one, since only one
inductor 1s 1n the current path.

FIG. 12(c) shows capacitor clamped bridgeless PFC cur-
rents, the corresponding topology being presented in [9]. The
leakage current 1s minimized to an acceptable range,
0.2A_peak, but the grid current ripple 1s still as high as in the
known one.

FI1G. 12(d) shows an exemplary capacitor clamped plus a
common mode filter bridgeless PFC currents, the correspond-
ing topology being presented 1n [10]. The leakage current i1s
turther minimized, to 0.02A_peak, but to no avail as far as the
orid current ripple 1s concerned.

FIG. 12(e) shows exemplary wavetorms of the bridgeless
PFC of the present mvention, the corresponding topology
being presented in FIG. 1. The leakage current is slightly
higher than 1n the prior art solutions but still 1n an acceptable
range, (approximately 0.4A_peak); moreover, a high quality
orid current 1s obtained. It can be seen that the PFC of the
present disclosure can be superior to the known solutions in
terms of high quality grid current and low leakage current.

Exemplary embodiments can be usable in connection with
an apparatus for sourcing AC power from an AC power grid to
a DC load, such as a motor drive. FIG. 13 and FIG. 14 depict
conceptual block diagrams of an exemplary two-stage power
converter used to convert AC power from a single-phase grid
into DC power suitable for driving an electrical load. The first
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stage ol a power converter can include a Power Factor Cor-
rector (PFC), such as a bridgeless PFC, that outputs DC
power onto a DC bus. The second stage of the power converter
can be an inverter (FI1G. 14) or a DC-to-DC converter (FIG.
13) that supplies the power to a load. The voltage levels
indicated 1n FIGS. 13 and 14 are examples of a commonly
employed voltage.

It will be apparent to those skilled 1n the art that as tech-
nology advances, the inventive concepts disclosed herein can
be mmplemented 1 various ways. The invention and its
embodiments are not limited to the examples described
herein but may vary within the scope of the claims.

Thus, 1t will be obvious to a person skilled 1n the art that the
inventive concept can be implemented 1n various ways. The
invention and i1ts embodiments are not limited to the examples
described above but may vary within the scope of the claims.

It will be appreciated by those skilled in the art that the
present invention can be embodied 1n other specific forms
without departing from the spirit or essential characteristics
thereof. The presently disclosed embodiments are therefore
considered 1n all respects to be 1llustrative and not restricted.
The scope of the mvention 1s indicated by the appended
claims rather than the foregoing description and all changes
that come within the meaning and range and equivalence
thereol are intended to be embraced therein.
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The mvention claimed 1s:

1. A bridgeless power factor correction circuit, comprising:

first and second input inductors (L), first ends of the induc-
tors forming first and second input terminals of the cir-
cuit; d

a series connection of a first diode (D) and a first control-
lable semiconductor switch (S);

a series connection of a second diode (D) and a second
controllable semiconductor switch (S), the series con-
nections being connected 1n parallel between positive
and negative output terminals (VDC+, VDC-) of the
power factor correction circuit; wherein:

a second end of the first inductor (L) 1s connected at a point
between the series connection of the first diode and the
first controllable semiconductor switch; and

a second end of the second inductor (L) 1s connected at a
point between the series connection of the second diode
and the second controllable semiconductor switch;
wherein 20

polarnties of the first and second diodes (D) are such that
current can pass through the diodes to the positive output
terminal; and

the controllable semiconductor switches (S) are arranged
to block current from flowing through the controllable 25
semiconductor switches to the negative output terminal,
the power factor correction circuit comprising;:

a switching circuit configured to connect a capacitor
(CAB; CA, CB) between the mput terminals and the
output terminals of the power factor correction circuitin 30
such a manner that the capacitor 1s connected between
the first mput terminal and a potential of the output
terminals when input voltage connectable to the input
terminals 1s positive, and the capacitor 1s connected
between the second 1nput terminal and a potential of the 35
output terminals when the 1nput voltage connectable to
the input terminals 1s negative.

2. A bridgeless power factor correction circuit as claimed in
claim 1, wherein the switching circuit 1s arranged to form a
conduction path for high-frequency current components from 40
an iput of the circuit through a capacitor to the potential of
the output terminals.

3. A bridgeless power factor correction circuit as claimed in
claim 1, wherein the switching circuit comprises:

two controllable bidirectional switches (SA, SB) and a 45
capacitor (CAB), the switches being connected in series
between the first and second input terminals and the
capacitor being connected between a connection point
between the controllable switches and a potential of the
output terminals. 50

4. A bridgeless power factor correction circuit as claimed in
claim 1, wherein the switching circuit comprises:

first and second controllable switches (SA, SB) and first
and second capacitors (CA, CB), the first controllable
switch and the first capacitor being connected 1n series 55
between the first input terminal and a potential of the
output terminals, and the second controllable switch and
the second capacitor being connected in series between
the second 1nput terminal and a potential of the output
terminals. 60

5. A bridgeless power factor correction circuit as claimed in
claim 1, wherein the switching circuit comprises:

first and second controllable switches (SA, SB) and first
and second capacitors (CA, CB), the first controllable
switch and the first capacitor being connected 1n series 653
between the first input terminal and the second end of the
second inductor (L), and the second controllable switch
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and the second capacitor being connected in series
between the second input terminal and the second end of
the first inductor (L).

6. A bridgeless power factor correction circuit as claimed in
claim 1, wherein the switching circuit comprises:

first and second controllable switch pairs (SA, SB), and a

capacitor (CAB), the controllable switches of the switch
pairs being connected such that a first switch (SA) of the
first switch pair 1s connected 1n series with a second
switch (SB) of the second switch pair and this series
connection 1s connected between the first and second
input terminals, and a first switch (SB) of the second
switch pair 1s connected 1n series with a second switch
(SA) of the first switch pair and this series connection 1s
connected between the second ends of the first and sec-
ond inductors, and the capacitor (CAB) 1s connected
between connection points of the series connection of
the controllable switches, wherein the first switch pair
(SA) 1s arranged to be controlled conductive when the
input voltage connectable to the input terminals 15 posi-
tive and the second switch pair (SB) 1s arranged to be
controlled conductive when the input voltage connect-
able to the mput terminals 1s negative.

7. A bridgeless power factor correction circuit as claimed in
claim 1, wherein the switching circuit comprises:

first and second controllable switch pairs (SA, SB) and a

capacitor (CAB), the controllable switches of the switch
pairs being connected such that a first switch (SA) of the
first switch pair 1s connected 1n series with a first switch
(SB) of the second switch pair and this series connection
1s connected between the first and second ends of the first
inductor (L), and a second switch (SA) of the second
switch pair 1s connected 1n series with a second switch
(SB) of the second switch pair and this series connection
1s connected between the first and second ends of the
second 1nductor (L), and the capacitor (CAB) 1s con-
nected between the connection points of the series con-
nection of the controllable switches, wherein the first
switch pair (SA) 1s adapted to be controlled conductive
when the mput voltage connectable to the mput termi-
nals 1s positive and the second switch pair (SB) 1is
adapted to be controlled conductive when the 1nput volt-
age connectable to the input terminals 1s negative.

8. A bridgeless power factor correction circuit as claimed 1n
claim 1, wherein a potential of the output terminals 1s the
potential of a second output terminal, a first output terminal or
a potential between voltages of the first output terminal and
the second output terminal.

9. A bridgeless power factor correction circuit as claimed in
claim 1, wherein the capacitor 1s connected between the input
terminal and a potential of the output terminals through the
first or second controllable semiconductor switch (S1, S2).

10. A bridgeless power factor correction circuit as claimed
in claim 2, wherein the switching circuit comprises:

two controllable bidirectional switches (SA, SB) and a

capacitor (CAB), the switches being connected 1n series
between the first and second input terminals and the
capacitor being connected between a connection point
between the controllable switches and a potential of the
output terminals.

11. A bridgeless power factor correction circuit as claimed
in claim 2, wherein the switching circuit comprises:

first and second controllable switches (SA, SB) and first

and second capacitors (CA, CB), the first controllable
switch and the first capacitor being connected 1n series
between the first mput terminal and a potential of the
output terminals, and the second controllable switch and
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the second capacitor being connected 1n series between
the second 1nput terminal and a potential of the output
terminals.
12. A bridgeless power factor correction circuit as claimed
in claim 2, wherein the switching circuit comprises:
first and second controllable switches (SA, SB) and first
and second capacitors (CA, CB), the first controllable
switch and the first capacitor being connected 1n series
between the first input terminal and the second end of the
second iductor (L), and the second controllable switch
and the second capacitor being connected in series
between the second imnput terminal and the second end of
the first inductor (L).
13. A bridgeless power factor correction circuit as claimed
in claim 2, wherein the switching circuit comprises:
first and second controllable switch pairs (SA, SB) and a
capacitor (CAB), the controllable switches of the switch
pairs being connected such that a first switch (SA) of the
first switch pair 1s connected 1n series with a second
switch (SB) of the second switch pair and this series
connection 1s connected between the first and second
input terminals, and a first switch (SB) of the second
switch pair 1s connected 1n series with a second switch
(SA) of the first switch pair and this series connection 1s
connected between the second ends of the first and sec-
ond inductors, and the capacitor (CAB) 1s connected
between connection points of the series connection of
the controllable switches, wherein the first switch pair
(SA) 1s arranged to be controlled conductive when the
input voltage connectable to the input terminals 15 posi-
tive and the second switch pair (SB), 1s arranged to be
controlled conductive when the iput voltage connect-
able to the 1nput terminals 1s negative.
14. A bridgeless power factor correction circuit as claimed
in claim 2, wherein the switching circuit comprises:
first and second controllable switch pairs (SA, SB) and a
capacitor (CAB), the controllable switches of the switch
pairs being connected such that a first switch (SA) of the
first switch pair 1s connected 1n series with a first switch
(SB) of the second switch pair and this series connection
1s connected between the first and second ends of the first
inductor (L), and a second switch (SA) of the second
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switch pair 1s connected 1n series with a second switch
(SB) of the second switch pair and this series connection
1s connected between the first and second ends of the
second 1nductor (L), and the capacitor (CAB) 1s con-
nected between the connection points of the series con-
nection of the controllable switches, wherein the first
switch pair (SA) 1s adapted to be controlled conductive
when the mput voltage connectable to the mput termi-
nals 1s positive and the second switch pair (SB) 1is
adapted to be controlled conductive when the input volt-
age connectable to the mput terminals 1s negative.

15. A bridgeless power factor correction circuit as claimed
in claim 2, wherein a potential of the output terminals 1s the
potential of a second output terminal, a first output terminal or
a potential between voltages of the first output terminal and
the second output terminal.

16. A bridgeless power factor correction circuit as claimed
in claim 3, wherein a potential of the output terminals 1s the
potential of a second output terminal, a first output terminal or
a potential between voltages of the first output terminal and
the second output terminal.

17. A bridgeless power factor correction circuit as claimed
in claim 4, wherein a potential of the output terminals 1s the
potential of a second output terminal, a first output terminal or
a potential between voltages of the first output terminal and
the second output terminal.

18. A bridgeless power factor correction circuit as claimed
in claim 2, wherein the capacitor 1s connected between the
input terminal and a potential of the output terminals through
the first or second controllable semiconductor switch (51,
S2).

19. A bridgeless power factor correction circuit as claimed
in claim 2, wherein the capacitor 1s connected between the
input terminal and a potential of the output terminals through
the first or second controllable semiconductor switch (S1,
S2).

20. A bridgeless power factor correction circuit as claimed
in claim 2, wherein the capacitor 1s connected between the
input terminal and a potential of the output terminals through

the first or second controllable semiconductor switch (51,
S2).
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